INTRODUCTION
============

Single jaw surgeries are less invasive and more predictable than two-jaw surgeries. However, for many severe Class III patients, mandibular setback surgery alone may be insufficient to achieve a harmonious profile change. Therefore, numerous Class III surgery patients require two-jaw surgery with maxillary clockwise rotation.

Severe Class III patients commonly have extruded upper molars since the lower arch is in a more anterior position leaving the most distal teeth of the upper arch to have no opposing teeth.[@B1] Extruded upper molars, especially the upper second molars, often not only create an upward cant of the maxillary occlusal plane, but also interfere with sufficient backward movement of the chin when correction is required. A number of recent studies demonstrate that mini-implants provide reliable skeletal anchorage to aid with molar intrusion.[@B2],[@B3],[@B4],[@B5],[@B6] Consequently, these interfering molars of Class III patients can be intruded effectively with mini-implants. Severe Class III patients also often have facial asymmetries.[@B7] The facial asymmetry is often caused by a canted occlusal plane. Transverse occlusal plane canting can be caused by extrusion of teeth on one side of maxilla. Likewise, transverse canting due to unilaterally extruded maxillary molars can also be corrected with mini-implants. By correcting the maxillary occlusal plane, a bimaxillary surgery case could be reduced to a simpler single-jaw mandibular setback surgery. If this is possible, the extent of orthognathic surgery would be minimized, benefiting the patient.

This article describes a patient with a severe Class III malocclusion treated by mandibular setback surgery combined with the use of mini-implants to intrude upper molars. The stability of the treatment result was evaluated six years after completion of the treatment. After more than six years, the occlusal plane remains stable. This report also introduces an application of a more accurate soft tissue prediction method for determining surgical treatment planning.

DIAGNOSIS AND ETIOLOGY
======================

An eighteen-year-old high school girl with a chief complaint of an anterior crossbite sought orthodontic treatment. The extraoral clinical examination revealed a concave profile ([Figure 1](#F1){ref-type="fig"}). Cephalometric analysis indicated a skeletal Class III pattern ([Table 1](#T1){ref-type="table"}): mandibular prognathism (Pog to N-perpendicular, 10.8 mm; ANB, -5.8°), proclined upper incisors (upper occlusal plane to upper incisors, 51.0°), retroclined lower incisors (lower occlusal plane to lower incisors, 80.5°), and a flat occlusal plane (upper occlusal plane to FH, 7.5°). The intraoral examination demonstrated a Class III malocclusion with anterior and posterior crossbites and extruded upper second molars. The panoramic radiograph revealed the presence of impacted third molars. Analysis of the posteroanterior radiograph revealed occlusal plane canting due to overeruption of the right molars. Her mandible was deviated to the left side as a result of the transverse cant of the maxillary occlusal plane ([Figure 2](#F2){ref-type="fig"}). The mandibular dental midline was shifted to the left side and the maxillary incisors were tilted to the left side due to transverse dentoalveolar compensation.

According to the aforementioned findings, she was diagnosed as a skeletal Class III malocclusion due to mandibular prognathism along with facial asymmetry.

TREATMENT OBJECTIVES
====================

Since the patient had mild crowding, a posterior crossbite, and proclined maxillary incisors, we planned to extract the maxillary first premolars for pre-surgical orthodontic treatment. Surgical setback movement of the mandible was necessary to obtain facial esthetics and normal occlusion.

TREATMENT ALTERNATIVES
======================

There were two treatment options to achieve a favorable final result. The first option was two-jaw surgery combining mandibular surgery with clockwise rotation of the maxilla. The second option was mandibular surgery combined with intrusion of the maxillary posterior teeth during pre-surgical orthodontic treatment, instead of the surgical repositioning of the maxilla. We chose the second option in order to simplify the surgical procedure as well as to achieve the desired esthetic profile. Thus, the treatment plan was as follows:

1\) Extract the upper first premolars and the lower third molars;

2\) Intrude the upper molars during pre-surgical orthodontic treatment; intrude the right posterior teeth more than the left posterior teeth to resolve the transverse canting of the occlusal plane;

3\) Reassess whether backward movement of the chin can be sufficiently achieved by one-jaw surgery;

4\) Perform mandibular setback surgery to correct the sagittal skeletal discrepancy;

5\) Complete postsurgical orthodontic treatment to establish an ideal occlusal relationship.

TREATMENT PROGRESS
==================

After the upper first premolars were extracted, the upper teeth were bonded with 0.022-slot brackets. Considering the additional time required for the upper arch space closure, lower brackets were placed after initial alignment of the upper teeth to minimize the amount of time with lower brackets. After 10 months of treatment, two mini-implants of 8 mm in length were placed in the palate bilaterally. The upper molars were intruded by elastic chains, which spanned from the mini-implants to the upper second molar lingual buttons. In order to resolve the occlusal plane canting of this patient, we intruded the extruded teeth on the right side more than the teeth on the left side. After 14 months of treatment, the extraction spaces were closed completely, and the maxillary molars were intruded ([Figure 3](#F3){ref-type="fig"}). After pre-surgical orthodontic treatment, the upper and lower incisor angles were within normal range (upper occlusal plane to upper incisors, 59.1°; lower occlusal plane to lower incisors, 78.2°; upper occlusal plane to FH, 13.1°). After we reassessed the patient to confirm whether an esthetic treatment outcome could be achieved by one-jaw surgery, mandibular set back surgery was performed. The orthodontic braces were removed 10 months after the orthognathic surgery. The overall active treatment duration was 24 months. Hawley retainers were delivered within a week.

RESULTS
=======

The patient showed a dramatic change in the facial profile after treatment. The prognathic chin moved backward properly. The actual treatment outcome was consistent with the soft tissue profile predicted by a new prediction method we have developed. The amount of mandibular setback was approximately 10 mm ([Figure 4](#F4){ref-type="fig"}). The sagittal relationship of the jaws was improved (Pog to N-perpendicular, -0.5 mm; ANB, -0.1°), and the asymmetry was corrected. Class I canine and Class II molar relationships with ideal overbite/overjet and coincident dental midlines were attained after treatment ([Figure 5](#F5){ref-type="fig"}).

Six years after the orthodontic treatment, the patient reported no discomfort and maintained relatively stable occlusion ([Figure 6](#F6){ref-type="fig"}).

DISCUSSION
==========

Orthognathic surgery has become a common clinical procedure in the correction of dento-skeletal imbalances. A recent article reported that 70.7% of patients undergoing orthognathic surgery had Class III malocclusion before treatment.[@B8] The combination of an osteotomy of the maxilla and a mandibular setback surgery with an additional genioplasty seems to be the current trend for skeletal Class III treatment.[@B9],[@B10] Combining orthodontic and surgical treatment provides a more efficient and esthetic treatment. Due to potential complications and possibly longer recovery times, it would be desirable if the complexity of the orthognathic surgery component of treatment could be minimized through effective pre-surgical orthodontic treatment. Intrusion of the posterior teeth can easily be obtained with mini-implants.[@B11] This also permits more flexibility for the surgeon with regards to the amount of the positioning of the mandibular setback. By intruding the maxillary molars and consequently rotating the maxillary occlusal plane clockwise, a more favorable rotation of the distal segment of the mandible can be achieved during mandibular setback surgery. A number of skeletal Class III patients with facial asymmetry have transverse canting of the occlusal plane due to unilaterally extruded maxillary molars. These molars can also be intruded with mini-implants in order to correct a canted occlusal plane. To resolve the occlusal plane canting of the patient in this study, we intruded the right posterior teeth more than the left posterior teeth. By altering the maxillary occlusal planes both in the sagittal and transverse planes with mini-implants during pre-surgical orthodontic treatment, the surgical procedure was simplified.

During molar intrusion, the first, second, and third order relationship of the intruded molars should be monitored.[@B12] The posterior torque control is the most important factor.[@B11] Maxillary second molars often possess buccal crown inclination and distal crown angulation before treatment. Distal tipping and flaring of molars are common in Class III malocclusion patients whose maxillae often have deficient room for posterior teeth.[@B1] Because a palatal and slightly mesial vector was preferred in this patient, we placed mini-implants bilaterally in the palate at the level of the premolars. Mini-implants and mini-plates are reliable devices when absolute anchorage is necessary. Palatal mini-implants pose little danger of root damage, and they are less susceptible to inflammation. A number of investigations indicate that bone thickness and density of the palate are favorable for mini-implant placement near the mid-palate at the level of the premolars.[@B13],[@B14]

When predicting the final surgical outcome, we applied a new prediction method to this patient. The partial least squares method predicted more accurate results than the conventional method. For a more detailed discussion regarding the prediction method, please refer to the previous publications.[@B15],[@B16],[@B17],[@B18] The use of computers and graphics in treatment planning is increasing and with software based on this new algorithm, more precise predictions of resulting soft tissue profiles will be possible.[@B19]

We assessed the stability of the treatment result after six years. Clinical examination at six years after completion of orthodontic treatment revealed some relapse of only the buccal occlusion when compared to the point of treatment completion. Factors contributing to stability in this case would be relapse after intrusion and postoperative relapse after mandibular setback surgery. Postoperative relapse might be more related to the degree of the intraoperative clockwise movement of the proximal segment, rather than the amount of setback movement.[@B12],[@B20] Superimposition of cephalometric tracings at treatment completion and at six years post-treatment revealed a small extent of clockwise rotation of mandible; yet there was no extrusion of the molars ([Figure 6](#F6){ref-type="fig"}). This type of change in occlusion after treatment is due to the progressive uprighting of lower molars which were originally tilted lingually. It is known that increased tongue pressure against the distally repositioned mandible can upright the mandibular posterior teeth in a buccal direction.[@B1] Anticipating that the upper third molars would occlude with the mandibular second molars, we extracted only the lower third molars in this upper premolar extraction case ([Figure 5](#F5){ref-type="fig"}).

CONCLUSION
==========

It is certainly beneficial to combine surgical and orthodontic treatment in order to provide an efficient and esthetic result. Surgical interferences and occlusal plane canting caused by extruded molars can be corrected with mini-implants, as with this patient, obviating the need for maxillary surgery.
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Cephalometric measurements
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Pog to-N perpendicular, Distance from pogonion to nasion perpendicular line; SNA, sella-nasion-point A angle; SNB, sella-nasion-point B angle; ANB, point A-nasion-point B angle; IMPA, lower incisor-mandibular plane angle; FH, Frankfort horizontal plane.
